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[090] Yeast transformation protocols are known to those of skill in the art. One 
such protocol is described by Hinnen et al., Proc. Natl. Acad. Sci. USA 75:1929, 1978. 
The Hinnen et al. protocol selects for Trp+ transformants in a selective medium, wherein 
the selective medium consists of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% 
glucose, 10 ug/ml adenine, and 20 ug/ml uracil. 

[091] Yeast host cells transformed by vectors containing ADH2 promoter 
sequence can be grown for inducing expression in a "rich" medium. An example of a 
rich medium is one consisting of 1% yeast extract, 2% peptone, and 1% glucose 
supplemented with 80 ug/ml adenine and 80 ug/ml uracil. Derepression of the ADH2 
promoter occurs when glucose is exhausted from the medium. 
Mammalian Expression Systems 

[092] Mammalian or insect host cell culture systems could also be employed to 
express recombinant polypeptides of the invention. Baculovirus systems for production 
of heterologous proteins in insect cells are reviewed by Luckow and Summers, 
Bio/Technology 6:47 (1988). Established cell lines of mammalian origin also can be 
employed. Examples of suitable mammalian host cell lines include the COS-7 line of 
monkey kidney cells (ATCC CRL 1651) (Gluzman et al., Cell 23:175, 1981), L cells, 
C127 cells, 3T3 cells (ATCC CCL 163), Chinese hamster ovary (CHO) cells, HeLa cells, 
and BHK (ATCC CRL 10) cell lines, and the CV-1/EBNA-1 cell line (ATCC CRL 10478) 
derived from the African green monkey kidney cell line CVI (ATCC CCL 70) as 
described by McMahan et al. (EMBO J. 10: 2821,1991). 

[093] Established methods for introducing DNA into mammalian cells have been 
described (Kaufman, R.J., Large Scale Mammalian Cell Culture, 1990, pp. 15-69). 
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Additional protocols using commercially available reagents, such as Lipofectamine 
(Gibco/BRL) or Lipofectamine-Plus, can be used to transfect cells (Feigner et al., Proc. 
Natl. Acad. Sci. USA 84:7413-7417, 1987). In addition, electroporation can be used to 
transfect mammalian cells using conventional procedures, such as those in Sambrook 
et al. Molecular Cloning: A Laboratory Manual, 2 ed. Vol. 1-3, Cold Spring Harbor 
Laboratory Press, 1989). Selection of stable transformants can be performed using 
resistance to cytotoxic drugs as a selection method. Kaufman et al., Meth. in 
Enzymology 185:487-51 1 , 1990, describes several selection schemes, such as 
dihydrofolate reductase (DHFR) resistance. A suitable host strain for DHFR selection 
can be CHO strain DX-B1 1 , which is deficient in DHFR (Urlaub and Chasin, Proc. Natl. 
Acad. Sci. USA 77:4216-4220, 1980). A plasmid expressing the DHFR cDNA can be 
introduced into strain DX-B1 1 , and only cells that contain the plasmid can grow in the 
appropriate selective media. Other examples of selectable markers that can be 
incorporated into an expression vector include cDNAs conferring resistance to 
antibiotcs, such as G418 and hygromycin B. Cells harboring the vector can be selected 
on the basis of resistance to these compounds. 

[094] Transcriptional and translational control sequences for mammalian host 
cell expression vectors can be excised from viral genomes. Commonly used promoter 
sequences and enhancer sequences are derived from polyoma virus, adenovirus 2, 
simian virus 40 (SV40), and human cytomegalovirus. DNA sequences derived from the 
SV40 viral genome, for example, SV40 origin, early and later promoter, enhancer, 
splice, and polyadenylation sites can be used to provide other genetic elements for 
expression of a structural gene sequence in a mammalian host cell. Viral early and late 
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promoters are particularly useful because both are easily obtained from a viral genome 
as a fragment, which can also contain a viral origin of replication (Fiers et al., Nature 
273:1 13, 1978; Kaufman, Meth. in Enzymology, 1990). Smaller or larger SV40 
fragments can also be used, provided the approximately 250 bp sequence extending 
from the Hind III site toward the Bgl I site located in the SV40 viral origin of replication 
site is included. 

[095] Additional control sequences shown to improve expression of 
heterologous genes from mammalian expression vectors include such elements as the 
expression augmenting sequence element (EASE) derived from CHO cells (Morris et 
al., Animal Cell Technology, 1997, pp. 529-534) and the tripartite leader (TPL) and VA 
gene RNAs from Adenovirus 2 (Gingeras et al., J. Biol. Chem. 257:13475-13491 , 1982). 
The internal ribosome entry site (IRES) sequences of viral origin allows dicistronic 
mRNAs to be translated efficiently (Oh and Sarnow, Current Opinion in Genetics and 
Development 3:295-300, 1993; Ramesh et al., Nucleic Acids Research 24:2697-2700, 
1996). Expression of a heterologous cDNA as part of a dicistronic mRNA followed by 
the gene for a selectable marker (eg. DHFR) has been shown to improve transferability 
of the host and expression of the heterologous cDNA (Kaufman, Meth. in Enzymology, 
1990). Exemplary expression vectors that employ dicistronic mRNAs are pTR-DC/GFP 
described by Mosser et al., Biotechniques 22:150-161, 1997, and p2A5l described by 
Morris et al., Animal Cell Technology, 1997, pp. 529-534. 

[096] A useful high expression vector, pCAVNOT, has been described by 
Mosley et al., Cell 59:335-348, 1989. Other expression vectors for use in mammalian 
host cells can be constructed as disclosed by Okayama and Berg (Mol. Cell. Biol. 3:280, 
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